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Abstract 
 
Effective prediction of the long term performance of natural fibre reinforced 
cementitious materials is vital for their application. In this study, coir fibres of two 
different average lengths were c ombined with cementitious materials and chemical 
agents to form coir fibre reinforced cementitious composites (CFRCCs). The 
composites long term performance was assessed and compared with two different 
accelerated ageing processes, i.e. a cement saturated water ageing, and alternate freeze-
thaw ageing. The flexural properties were compared with the properties of the reference 
mortar. Overall, the flexural strength of 400 days naturally aged CFRCC specimens 
were weaker than that of the reference mortar. The toughness and ductility of the fibre 
reinforced specimens however, improved. The cement saturated water ageing method 
gave a precise prediction of the flexural strength development of 400 day old specimens, 
and the freeze-thaw ageing method worked very well for the toughness performance 
estimation of CFRCCs. 
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Introduction 
 
The use of cementitious composites reinforced with vegetable fibres such as sisal, coir, 
hemp, and flax presents a vast field of possibilities for study, production and application 
in civil engineering. Considerable effort has been made (Brouwer, 2005; Everaert, 
Corbet, Hurren, & Fox, 2003; Gassan, 2002; Herrera-Franco & Valadez-Gonzalez, 2004; 
Keener, Stuart, & Brown, 2004; Voorn, Smit, Sinke, & Klerk, 2001) in using these 
fibres as reinforcement in cement composites for producing cost-effective and 
environmentally friendly building materials. Such materials have distinctive advantages 
including increased post-crack load bearing capacity and much higher energy absorption 
(Gassan, 2002; Herrera-Franco & Valadez-Gonzalez, 2004; Ramirez-Coretti, 1992) 
compared to their plain counterparts. However, the long-term performance of natural 
fibres in cement composites has been a serious concern, which has hampered the 
widespread application and acceptance of their composites (Ramakrishna & 
Sundararajan, 2005). 
 
Most materials used for construction, especially concrete or mortar, are sensitive to hot-
dry climatic conditions due to their restricted cementitious hydration process. This is 
particularly problematic for Australia, as many parts of the country are under constant 
exposure to hot-dry weather. This work was carried out in Geelong, Australia, where 
rainfall is very low throughout the year and the daily temperature difference between 
day and night time is usually around 20°C (Table 1). When concrete samples were cast 
during summer, their mechanical properties, particularly the flexural strength, decrease 
with time when climatic conditions fluctuated dramatically (Kriker et al., 2005). 
 4
 
Table 1. The monthly weather statistics for period from January 2005 to February 2006 
(Location: Geelong, Australia). 
 2005 2006 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
Highest 
temp. 
(°C) 
40.4 34.1 31 34.8 25.9 23.4 19.5 23.6 25.9 23.3 33 36.9 43.7 38.3
Lowest 
temp. 
(°C) 
6.4 8.4 3.6 5.4 0.7 0.3 0 -0.7 2.0 2.5 5.4 7.1 8.9 7.3 
Rainfall 
(mm) 116 127 7 14 10 51 41 55 62 36 34 37 27 16 
Note: The climate data in this table was obtained and summarized from the Australian Government 
Bureau of Meteorology website: http://www.bom.gov.au 
 
Coir fibre is abundant in many Asian countries such as India, Philippines, Indonesia, Sri 
Lanka, Malaysia and Thailand. Coir fibre possesses a non-linear stress–strain curve and 
exhibits high strain to failure. Coir could be utilized in a composite to enhance 
toughness (Bakri & Eichhorn, 2010). It has been claimed that coir fibre is better than 
other natural fibres for use in fibre-reinforced cementitious composites (Ramaswamy, 
Ahuja, & Krishnamoorthy, 1983; Ramirez-Coretti, 1992). These claims however, were 
based on relatively short-term rather than long-term performance studies of coir fibre 
reinforced cementitious composite (CFRCC). 
 
Accelerated ageing tests have been used in previous publications for the prediction of 
CFRCC performance (MacVicara, Matuanab, & Balatinecza, 1999). Several 
investigators have studied the durability of natural fibre composites aged in various 
media or under different exposure conditions (Akers & Studinka, 1989; Bentur & 
Akerst, 1989; Bergstrom & Gram, 1984; Litherland, Oakley, & Proctor, 1981; 
MacVicara, Matuanab, & Balatinecza, 1999; Sustersic, Ukrainczyk, Zajc, & Sajna, 
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2000). The cement saturated water ageing (alkaline media) method has been applied for 
evaluating the ageing of coir fibre reinforced mortar (Gram, 1983; Ramaswamy, Ahuja, 
& Krishnamoorthy, 1983; Shimizu & Jorillo, 1992). The freeze-thaw accelerated ageing 
method was reported by MacVicar, Matuanab & Balatinecza (1999) for estimating the 
durability (compressive strength) of cellulose fibre reinforced cement sheets. However, 
the effects of these media on the flexural properties of natural fibre composites and their 
correlation with long term open-air cured specimens have not yet been quantified. In 
this paper, both accelerated ageing methods were employed and compared with curing 
under natural weather conditions. It is common for cementitious composites to mature 
in 28 days. Therefore, the accelerated ageing results from the 28 day samples were used 
as the reference for comparison with results from specimens cured under natural (open 
air) conditions over 400 days from January 2005 to February 2006. 
 
The performance of coir fibre based composites can be greatly improved through 
applying chemical modifications to either the coir fibre or the matrix (Rowell, 2002). 
Coir fibre with NaOH alkalization treatment has been reported in composite 
applications (Ramirez-Coretti, 1992; Rout, Misra, Tripathy, Nayak, & Mohanty, 2001). 
Adding dispersant and defoaming agents to Fibre Reinforced Concretes (FRC) has been 
proven to improve fibre distribution and achieve better bonding between fibre and 
matrix (Chen & Chung, 1993). These treatments also offer an economic and convenient 
way for a better CFRCC casting. In our previous paper (Li, Wang, & Wang, 2006), it 
has demonstrated that water-cured CFRCCs had better flexural strength, higher energy 
absorbing ability and ductility, and were lighter than conventional cementitious 
materials. With the accelerated ageing procedure, alkalized fibres improved toughness 
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index of composites and alkalized fibres and the overall performance of the aged 
CFRCCs were considered better than their control, normal mortar. In this paper, coir 
fibres were modified with a dispersant agent (Methocel A15LV), a defoamer (Agitan 
P800), a wetting agent (Albatex FFC) and a superplasticizer (Sika ViscoCrete 5-500 
supplied by Sika Australia, Keysborough, Victoria, Australia). The performance of 
CFRCC was evaluated against conventional mortar. To demonstrate the different 
reinforcing effects of fibre preparations, two different fibre lengths (2 cm and 4 cm in 
average) and two types of coir fibres (untreated and 1% NaOH treated) were 
investigated in this study. The flexural strength, 15.5D toughness, toughness indices 
(I30) and flexural ductility properties at 7, 28, 70 and 400 days open-air cured CFRCC 
specimens were determined and compared for different ageing methods. 
 
Experimental 
Materials 
Australian Cement Limited supplied the cement, and Fibertex Pty Limited (Revesby, 
NSW, Australia) supplied the nonwoven coir mat. Munzing Chemie GMBH Company 
(Heilbronn, Germany) supplied the Agitan P800, and Dow Chemical Company (Altona 
Victoria, Australia) provided the Methocel A15LV. The superplasticizer ViscoCrete 5-
500, was selected and used for improving the workability of the CFRCCs. The Albatex 
FFC was supplied by Ciba Specialty Chemicals Pty Ltd, Australia. 
 
Specimens and curing conditions 
Coir fibres were extracted from a nonwoven coir mat using a mini carding machine, and 
the loose fibres were divided into two batches. One batch was soaked in a water bath 
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containing 1% NaOH for 48 hours where the temperature was about 20°C. The treated 
fibres were then rinsed with water several times before being dried at 80°C in an oven 
for 10 hours. The other batch was also dried in an oven under the same conditions 
before use. The fibres were manually trimmed into two different length groups, with 
average lengths of 20 mm and 40 mm. The experimental design is shown in Table 2. In 
this paper, “Untreated 40” refers to the mortar with untreated 40 mm fibres, “Alkaline 
40” refers to the mortar with treated 40mm fibres; similarly, “Untreated 20” refers to the 
mortar with untreated 20 mm fibres. 
 
Table 2. Composites mixture design. 
 
Composite 
Name 
NaOH 
Treated 
Fibre 
Length 
(mm) 
Dispersant 
A15LV 
% 
Defoamer 
P800 
% 
Wetting 
Agent 
% 
ViscoCrete 
5-500 
% 
Control / / / / / /
Untreated 40 / 40 0.6 / 0.2 0.5
Alkaline 40 1% 40 0.6 / 0.3 1.0
Untreated 20 / 20 0.6 0.3 0.2 1.0
Note: All percentages in this table are given by weight of ingredients, except for the percentage 
of ViscoCrete 5-500, which was calculated on the weight of cement. All CFRCC samples had a 
fibre fraction by weight = 1.5%. 
 
Mortar was mixed in a laboratory mixer at a constant speed of 30 rpm, with a 
cement:sand:water ratio of 1:3:0.43 by weight. After mixing for 5 minutes, the prepared 
fibres from a length group were slowly spread into the running mixer to ensure that the 
fibres were well distributed throughout the matrix. Following that, the wetting agent 
was sprayed onto the mix before the dispersant and defoamer agents were poured into 
the mixer. After mixing for a further 5 minutes, the composites were poured into 
moulds, and then vibrated on a vibration table (vibration frequency: 100 Hz) for 
approximately 3-5 minutes to remove air bubbles. 
 8
 
Specimens of mortar composites with dimensions 50×50×175 mm were used for 
flexural strength and toughness tests. The specimens were initially cured in the 
laboratory for 24 hours at 24°C and 65% RH. After demoulding, the specimens were 
sprayed with DAVCO® masonry waterproofer to prevent water absorption during the 
curing period. Next, they were cured for 6 days in fresh water at room temperature of 
approximately 24°C. 
 
The 7 day old specimens were then batched and cured in three ageing regimes before 
testing. For the first ageing regime, fibre composite specimens were placed in an 
ambient atmosphere and uncontrolled natural climate at a designated location 
(referenced as open air curing) in Geelong, Australia. Table 1 lists the weather 
conditions during the sample air curing period. For the second regime, alkaline 
accelerated ageing was applied by placing specimens in cement saturated water with a 
pH value between 12 and 14 at room temperature of 20 to 24°C. The third regime 
applied the modified MacVicara’s accelerated ageing method (MacVicara, Matuanab, & 
Balatinecza, 1999) to the final two days of the open air curing period. The procedure for 
the modified accelerated ageing method was: freezing the specimens at -10°C for 24 
hours, followed by thawing the specimens at 24°C for 2 hours and baking in a forced 
draft oven at 90°C for 22 hours (referred to as freeze-thaw accelerated ageing). In this 
study, the 28 day accelerated ageing results were used as the reference results for 
specimens after 400 days of open air curing. Though further evidence is required to 
prove that these accelerated ageing methods can bring about a significant ageing effect 
on the cementitious composites, they are still some of the most reasonable and 
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convenient methods to simulate the ageing effects at present (MacVicara, Matuanab, & 
Balatinecza, 1999; Ramaswamy, Ahuja, & Krishnamoorthy, 1983). Flexural properties 
of air cured CFRCCs were tested at the following ages: 7, 28, 70, and 400 days. 
 
Measurements 
Four point bending tests on beam specimens at a span of 150 mm were carried out on a 
LLOYD tensile/compression testing machine at a constant loading rate of 1 mm/min. 
The bending load, flexural stress, and net deflection over time were recorded. 
 
The flexural toughness and flexural toughness indices (I30) of the CFRCC specimens 
were calculated according to ASTM 1018, Standard Test Method for Flexural 
Toughness and First-Crack Strength of Fibre-Reinforced Concrete. Since the specimen 
surface was not perfectly flat, there was excessive initial displacement before the load 
was actually applied to the specimen. The initial displacement, which was defined as an 
interval from the beginning of the test to the point at which linear load increase was 
observed, was not used in the calculation of mechanical properties. Each type of 
specimen was tested 4 times and their average was reported. 
 
Results and Discussion 
General behaviour of 28 day coir fibre composites 
The flexural behaviour of 28 day old specimens under the open-air curing conditions 
was drawn out for general discussion first. As shown in Figure 1, the plain mortar 
(control – without fibre) failed immediately after the flexural strength reached a 
maximum value. The addition of coir fibre in the cementitious composites significantly 
 10
improved the flexural toughness and ductility compared to the control. It proves that the 
CFRCCs have a much stronger sustention to the load and crack than the plain mortar. A 
noteworthy result is that the CFRCC strength values were all lower than the strength of 
reference plain mortar. All curves (Figure 1) show a similar trend in that their first crack 
strengths (FCS), which represent the elastic limit of the materials, were close to their 
respective flexural strength values where the stress-strain curve changed to non-linear 
after it passed the FCS point. The elastic limit of CFRCC was mainly determined by 
two factors: the quality of the cementitious matrix, and the matrix flaws induced by the 
addition of fibres. In CFRCCs, the coir fibre brought inner flaws (such as air bubbles) 
within the mortar composite. Therefore, the FCS and flexural strength of CFRCCs were 
lower than that of reference mortar. As the character of cement matrix was modified by 
fibres and the addition of chemical agents, especially dispersion agent and defoamer, all 
CFRCC samples have greater deflection than that of plain mortar under the same 
bending load. 
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Figure 1. Load-deflection curves of 28 days open air cured specimens. 
 
Flexural properties of open-air cured CFRCCs 
The results presented in this section were used as a reference for comparison against the 
two accelerated ageing methods. Figures 2 to 5 show the development of the flexural 
strength, toughness, toughness index, and ductility as a function of age. Results in 
Figure 2 show that, for all samples, the flexural strength increased from an early age to 
70 days and the material at 70 days achieved greater strength than that at 7, 28 and 400 
days. Apart from that, the Alkaline 40 and Untreated 20 samples show almost identical 
strength development curves. It indicates that alkaline treated 40 mm fibres and 20 mm 
fibres have a similar effect in improving fibre distribution within the matrix and 
therefore increasing the composites’ long term flexural strength. 
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Figure 2. Flexural strength development of composites cured in open air environment. 
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Figure 3. Toughness development of composites cured in open air environment. 
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Figure 4. Toughness index development of composites cured in open air environment. 
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Figure 5. Ductility development of composites cured in open air environment. 
 
The toughness of CFRCCs shown in Figure 3 is much greater than that of plain mortar. 
The toughness of Alkaline 40 and Untreated 20 samples peaked at 28 days, and that of 
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Untreated 40 samples peaked at 70 days. From the experimental results, it is reasonable 
to postulate that the actual maximum toughness results were somewhere between 28 
and 70 days. Because the toughness did not reach its peak at the same time as the 
maximum flexural strength, it always deviates slightly from the maximum strength 
point. For example, the hardest material cannot absorb the greatest amount of energy 
due to its brittleness, but it can do so if it is softened somehow. Additionally, the 
LLOYD tensile machine used for the tests was set to stop recording data when the load 
dropped to 10% of the maximum load, so the specimens still held a load (see Figure 1) 
when a test stopped. Thus, the true whole fracture energy absorbability of CFRCC 
samples should have been greater than the results represented here. This toughness 
property is very important to a structural component as it means that the samples will be 
able to support the structure longer and carry a greater load before a total failure. 
 
Flexural toughness index is an effective benchmark for comparing the energy 
absorption of a specimen during its post-crack period with that before its pre-crack 
period. As shown in Figure 4, for all three types of CFRCC composites, a significant 
improvement in toughness index has been observed, in particular in the early curing 
stage. The toughness index of the Untreated 40 sample increased 1298%, 1324%, 462%, 
and 734% in 7, 28, 70, and 400 days respectively compared to that of mortar without 
coir fibre. For the Alkaline 40 sample, it increased 1398%, 973%, 183%, and 575% 
correspondingly. The Untreated 20 sample improved even more than the other two 
samples, improving 2082% in 7 days. 
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For all CFRCC samples, the flexural ductility decreased with time, as shown in Figure 5. 
The loss of ductility was especially large for all three fibre-mortars between 7 and 70 
days. The reasons behind this are likely due to the lack of hydration products causing 
the rapid evaporation of water from the mortar in the early ages, as well as the 
development of micro drying cracks after 28 days. In the first two months of specimen 
open air curing, the maximum environment temperature was usually more than 30°C 
(Table 1), which inevitably caused water evaporation. Even though specimens were 
sprayed with DAVCO® masonry waterproofer in an attempt to prevent water 
absorption/evaporation during the curing period, it only stuck to the cementitious matrix, 
and could not completely block the water from evaporating through countless coir fibres 
that reached to the specimens’ surface. It is reported that drying is disadvantageous for 
mortar strength, but critical to natural fibre reinforced mortar as it accelerates micro 
cracks and forms perforative apertures (Kriker et al., 2005). In spite of this, the long 
term ductility of fibre-mortars was still much larger than pure mortar. Even after 400 
days, it still improved 616%, 638%, and 440% from Untreated 40, Alkaline 40, and 
Untreated 20 respectively compared to that of mortar without fibre. 
 
Even though the chemical reactions between the dispersant agent, defoamer and 
cementitious material inside the composites are still not very clear, the experimental 
results indicate that both the dispersant agent and the defoamer had a weakening effect 
on the brittleness of the cementitious matrix. Therefore, the flexural strength of fibre-
mortar was weaker than that of the reference mortar within the group in the early ages. 
However, the dispersant agent and defoamer may help fibres to distribute and bond 
better in the composites, so the patterns of toughness and toughness development were 
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different. The toughness and toughness index of all three fibre-mortar types reach their 
peak at different ages, but their overall long-term performance are all still better than the 
plain mortar. 
 
The flexural property results suggest that the presence of coir fibres in the cementitious 
matrix promoted a significant increase in toughness, toughness index, and ductility, and 
also in some cases weakened the flexural strength of composites at an early stage of 
curing. In some CFRCCs, the strength surpasses that of pure mortar in 70 days. The best 
flexural strength was achieved by the 70 day old Alkaline 20 CFRCC, i.e. it increased 
by 19% compared to the same age mortar without fibre. The highest toughness value 
was obtained from the 28 day old Alkaline 40 CFRCC; i.e. it improved 1046% 
compared to the same age mortar sample. The 7 day old Untreated 20 CFRCC had the 
highest toughness index value. The Alkaline 40 CFRCC also gained the maximum 
ductility at an age of 7 days. This agrees with the results from other researchers 
(Coutinho, Costa, & Carvalho, 1997; Joffe, Andersons, & Wallstrom, 2003; Rout et al., 
2001) that treatment of vegetable fibres by chemical processes can improve fibre 
characteristics and adherence to the cementitious matrix, and hence increase the flexural 
properties of CFRCC. 
 
Flexural properties of cement saturated water ageing composites 
Results in Figure 6 show that, except for the Alkaline 40 sample, under cement 
saturated water curing conditions the flexural strength of each sample increased as the 
sample aged. The strength development of the Untreated 40 sample was slower even 
when they were cured under exactly the same conditions for 28 days. Comparison 
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results in Table 3 show that the alkaline media ageing method can better predict flexural 
strength with less than 10% prediction deviation. The closest results come from the 
Untreated 20 sample, followed by the Alkaline 40 sample. 
 
Figure 6. Flexural strength development of composites (alkaline ageing method). 
 
Table 3. Differences in flexural strength and toughness between the predictions (using 
accelerated ageing of 28 day samples) and 400 day open-air cured specimen testing 
results. 
Composite 
Name 
Prediction Deviation (%) 
Alkaline Media Ageing Freeze-thaw Ageing 
Flexural strength Toughness Flexural strength Toughness 
Control 9.4 29.3 33.3 12.1 
Untreated 40 7.3 159.3 49.0 12.6 
Alkaline 40 5.4 42.9 78.5 -26.8 
Untreated 20 3.5 105.0 27.9 -15.0 
Note: Prediction	Deviation	ሺ%ሻ ൌ Accelerated ageing result െ 400 day air	cured	result400 day air cured result ൈ 100  
 
The coir fibre composites were susceptible to deterioration in alkaline media and the 
effect was similar to that of corrosion in an outdoor climate at certain degrees. The 
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cement saturated with water also accelerated the corrosion process of fibre and matrix. 
Because the alkaline treated fibre sustained twice the deterioration (double alkaline 
ageing effect) compared to the untreated control, the flexural strength of the Alkaline 40 
sample was the weakest amongst the 70 day samples. 
 
Figure 7 shows that the material toughness in the alkaline media at 70 days was much 
higher than that at 7 and 28 days. Table 3 also shows that the deviations are very high 
when the results from the alkaline media ageing method are used to predict the 
toughness of natural climate cured specimens. The best prediction deviated by nearly 
30%. 
 
 
Figure 7. Flexural toughness development of composites cured by the alkaline ageing 
method. 
 
CFRCC would absorb more energy during the post-crack period, where most energy 
absorption was contributed by the fibre bridging model being either broken or pulled-
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out. For CFRCC cured by the saturated cement water ageing method, the presence of 
water obviously helps development of the hydration compounds (calcium hydroxide 
and calcium silicate hydrates) between bonding zones, enhancing the material toughness. 
On the contrary, the principle factor responsible for the loss of toughness in long-term 
air cured specimens was also water. Water is the main media and component for 
cementitious hydration. Lack of hydration, which was caused by the evaporation of 
water during early curing stages and following the development of voids, caused the 
bonding between fibre and matrix to deteriorate. This is the cause for the difference 
between the predicted results from test data of accelerated aged specimens and the 400 
day air cure results (Table 3). 
 
Fibre treatment affected the long-term flexural strength performance of CFRCC in 
cement saturated water. In comparison, Untreated 40 fibre composites seem to be 
weaker in flexural strength than Alkaline 40 or Untreated 20 fibre composites. 
Untreated 40 fibre composites had a generally higher flexural toughness value than 
Alkaline 40 and Untreated 20 fibre composites at 70 days. However under the alkaline 
media, the Untreated 20 fibre composite had a higher flexural strength than the other 
two samples at 70 days (Figure 6). The cement saturated water ageing method gave a 
very close prediction of ageing 28 day specimens to the flexural strength of CFRCC 
after 400 days natural curing. The deviation was less than 10% overall. Despite this, the 
prediction was not accurate in estimating the toughness behaviours of the same 400 day 
old natural cured specimens. The deviation within the 4 type of mortars ranged from 
about 30% to nearly 160%, which would not be acceptable for an ageing method. In this 
case, local weather conditions might have contributed to the large discrepancy. 
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Flexural properties of freeze-thaw accelerated ageing composites 
The accelerated ageing method applied in this study was designed to speed up the 
hydration progress using elevated temperatures during the thawing period, which was 
inspired by the relationship between controlled temperature and chemical reaction time 
(Lewin & Pearce, 1998). Through the cyclic freeze-thaw process, the CFRCC would 
create internal cracking and weaken the aggregate-cement and fibre-matrix bond earlier 
than under natural weather conditions. Results in Figure 8 show flexural strength 
developments under freeze-thaw ageing. For all specimens, the flexural strength peaked 
between 7 days and 400 days, possibly at around 28 days. 
 
 
Figure 8. Flexural strength development (freeze-thaw accelerated ageing method). 
 
Comparison results in Table 3 show that this accelerated freeze-thaw ageing method 
overestimated the flexural strength by at least 28%. To easily understand the large 
discrepancy, the strength after the accelerated ageing (S0+S’) can be considered to have 
 21
two components: the initial strength (S0) of a sample that was open-air cured before 
accelerated ageing, and the improved strength (S’) gained from the accelerated ageing 
process. In CFRCC specimens, when they underwent accelerated ageing, hydration 
products such as calcium silicate hydrate, tricalcium silicate, dicalcium silicate, and 
tricalcium aluminate were generated rapidly, which filled up the space between the 
aggregate, and hardened matrix particles and crystals (Popovics, 1992). Hence, in 
Figure 8, all 28 day accelerated ageing specimens have greater strength than 400 day 
open-air cured specimens. The only difference amongst the 7, 28 and 400 day ageing 
specimens was the degree of their hydration; the higher the degree of hydration 
remaining, the greater the S’ component. Based on Bentz’s research (Bentz, 2006), the 
cement-gel hydration within the matrix began to increase from about 10 hours after 
mixing and became stable after 10,000 hours open-air curing. Overall, as the age 
increased, the S0 of the material improved and the degree of their hydration was also 
increased, which meant less chance for their ageing strength S’ to develop. The purpose 
of the accelerated ageing method is to find the balance point at which the sum of 28 day 
accelerated ageing results (S0+S’) is equivalent to the 400 day air cured results. 
 
The toughness development in Figure 9 shows a similar trend to their flexural strength 
growth. The effect of the material deterioration due to the cyclic freeze-thaw weakened 
the fibre-matrix bonding zones and accelerated the internal cracking development 
within the composites. The toughness results of accelerated aged specimens matched 
well with the natural weathering results (Table 3). Compared to cement saturated water 
ageing, the freeze-thaw ageing method was reasonably accurate in predicting the 
toughness of long-term open-air cured CFRCC under the conditions examined. The 
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prediction deviations are from -27% (underestimate) to 13% (overestimate). It is 
suggested that further studies may focus on establishing the correlation between the 
properties of the composite exposed to outdoor conditions and accelerated ageing 
results together with their improvement/deterioration effects. 
 
 
Figure 9. Flexural toughness development (freeze-thaw accelerated ageing method). 
 
Conclusions 
 
In this study, untreated and alkaline treated coir fibres have been used in cementitious 
composites as reinforcement materials. The effects of adding fibre to a cement matrix 
on its composite long-term performance were investigated quantitatively. This paper 
confirmed that as a new fibre reinforced material, coir fibre reinforced cementitious 
composite (CFRCC) has higher energy absorbing ability and ductility than conventional 
cementitious materials (without fibre), both in the short-term and long-term. 
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Coir can ameliorate the toughness of CFRCC. Compared with the reference pure mortar, 
after 400 day exposure to natural weather, though the coir fibre reinforced concrete lost 
up to 42% in flexural strength, they attained 190 – 324% enhancement in their 
toughness. Their toughness index results were 114 – 734% better, and their ductility 
results were 440 – 638% higher than the respective value of reference mortar. In general, 
the long-term performance of CFRCC was quite acceptable compared to pure mortar, 
although there was a substantial reduction in their flexural properties considering their 
long-term exposure to the Australian climate. 
 
With the accelerated ageing procedures used, the cement saturated water ageing method 
predicted the flexural strength development of 400 day old specimens very well, but 
toughness forecasting showed large differences between the values of the natural 
weathering samples. In contrast, the freeze-thaw ageing method worked well for 
toughness performance estimation, but could only give less accurate predicted strength 
results compared with those of cement saturated water ageing when the natural weather 
fluctuation was not considered. 
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